Medication errors threaten patient safety by requiring admission, readmission, and/or a longer hospital stay, and can even be fatal. Near-misses indicate the potential for medication errors to have occurred. Therefore, reporting near-misses is a first step in preventing medication errors. The aim of this study was to estimate the reporting rate of near-misses among pharmacists in Korean hospitals, and to identify the factors that contributed to reporting medication errors.
Introduction
Medications are generally beneficial but can sometimes cause harm, which can occasionally be attributed to errors. Medication errors affect patient safety by requiring admission, readmission, and/or a longer hospital stay, and can even be fatal. They may also incur additional medical costs. Reducing medication errors is an issue that should be addressed.
The Institute of Medicine (IOM) report "To Err Is Human: Building a Safer Health System" raised awareness of medical errors and identified medication errors in health care. [1] The potential for a medication error is present in each step of the medication use process: procuring, prescribing, dispensing, administering the drug, and monitoring the patient's response. [2] The European Medicines Agency has estimated the rate of medication error in European hospital settings to be 0.3% to 9.1% during the prescription stage, 1.6% to 2.1% during the dispensing stage, and 10.5% during the administration stage . [3] A review of medication errors in Middle Eastern countries found that prescribing error rates varied from 7.1% to 90.5%, while administration error rates varied from 9.4% to 80%, although variations were present in definition, setting, and methodology. [4] In South Korea, a survey of administration errors for nurses showed that 63.6% of the participants had been involved in medication errors once or more in the past month. [5] Nurses and doctors in a hospital experienced administration errors an average of 2.3 times per year. [6] Medication errors can also be categorized according to the severity of the consequences. The National Coordinating Council for Medication Error Reporting and Prevention (NCC MERP) classifies its medication error index into 9 categories: no error (category A), error and no harm (categories B-D), error and harm (categories E-H), and error and death (categories I) .
[7] The
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American nonprofit Institute for Safe Medication Practices (ISMP) defines a "near-miss" as an event, situation, or error that occurred but did not reach the patient. [8] Near-misses can be classified as belonging to category B of the NCC MERP classification. [7] Near-misses do not reach the patient, but can still potentially cause harm. In 1 emergency department, the rate of an error occurring but not reaching the patient was 11.8%. [9] In a prospective study of 35 community pharmacies in the UK, 84.8% of recorded medication errors were near-misses, while 15.2% were dispensing errors. [10] In the Spanish community, 36% of medication errors were dispensing near-misses, and 10% were dispensing errors. [11] To reduce the incidence of medication errors, quantifying and reporting medication errors are the first steps in the process of ensuring patient safety and learning from incidents. [3] The National Reporting and Learning Service and the National Health Service Confederation in the UK have recommended that organizations improve patient safety by strengthening reporting and learning, and have stated that they consider high reporting to be a mark of a highly reliable organization. [12] One study estimated that approximately 60% of medication administration errors (MAEs) were actually reported. [13] In a survey about MAEs, 47% of the participating nurses had failed to report MAEs committed by themselves or their colleagues. [14] One study found that the majority of pharmacy staff (pharmacists and technicians) who participated in a survey reported having experienced a near-miss, but only 10% reported the occurrence. [15] The reporting rates were diverse but not high. A low reporting rate of medication errors precludes identifying and preventing the causes. Not reporting medication errors limits opportunities to improve patient safety. Barriers to reporting medication errors and near-misses have been reported to include culture, the reporting system, management behavior, fear, accountability, and the harm to patients. [16, 17] Understanding the barriers to reporting errors is a crucial step in improving patient safety.
In this study, we focused on near-misses in hospital pharmacies, since they can easily be ignored but are important for building a framework of patient safety. We also surveyed pharmacists because they play a role in dispensing, administration, and prescription review. Therefore, our aim was to estimate the reporting rates among pharmacists in Korean hospitals. We also analyzed factors contributing to reporting medication errors.
Methods

Participants and survey methods
We surveyed all members of the Korean Society of Health-System Pharmacists (KHSP) from June 2014 to September 2014. First, we emailed their managers requesting that they allow hospital pharmacists to participate in the study. We explained the objectives and contents of this study. We sent questionnaires and informed consent forms to all pharmacists in hospital pharmacies that had agreed to participate. The pharmacists were asked to return the completed questionnaires by email, mail, or fax. They could also complete the questionnaire online. We sent reminders twice to improve response rate. Further, managers were called 1 time to encourage pharmacists to join the survey. Questionnaires were collected by a third party at KHSP for anonymity.
Definitions
We used the NCC MERP definition of medication errors, since it is widely used, [3] and the ISMP definition of near-misses.
"A medication error is any preventable event that may cause or lead to inappropriate medication use or patient harm while the medication is in the control of the health care professional, patient, or consumer. Such events may be related to professional practice, health care products, procedures, and systems, including prescribing, order communication, product labeling, packaging, and nomenclature, compounding, dispensing, distribution, administration, education, monitoring, and use. [18] " "Near-miss (close call): An event, situation, or error that took place but was captured before reaching the patient. [8] "
Instruments
The questionnaire surveyed participants' experiences of nearmisses, their reporting rate, the pharmacy system, perceptions of medication errors, reasons for underreporting, and demographic factors.
We surveyed experiences of near-misses according to the medication use process, which is divided into stages of prescribing, dispensing, and administration. In this study, we considered dispensing and administration errors to be within the scope of pharmacists' active duties; in contrast, prescribing errors included dosage errors, incorrect directions, illegible prescriptions, and so on, which pharmacists could identify during the process of prescription review. Before pharmacists answered the questions, we asked whether near-misses are considered medication errors, and then explained the definitions of medication errors and near-misses. We also asked how many participants found prescribing errors or made dispensing errors and administration errors during the last 3 months, and whether they had reported near-misses.
Previous studies have identified the following factors as barriers to the reporting of medication errors: fear, disagreement over the error, the administrative response, the effects of reporting, and the reporting process. [14, 19, 20] We referred to studies of Korean health professionals' perceptions of medication errors and reporting to understand the most common barriers to reporting. [6, 21] We selected 15 common barriers to reporting medication errors, and grouped them into 4 categories: protocol and methods of reporting, incentives and protections for reporters, attitude related to reporting, and fear. The protocol and methods of reporting group included unclear reporting protocol for medication errors, no time to report (heavy workload), no obligation to report, complicated and lengthy procedure and no system to report medication errors. The incentives and protections for reporters group included no legal protection, no incentive to report, and blame culture in the hospital. The attitude related to reporting group included the belief that there is no need to report, no harm done to the patients, and no changes instituted after reporting to prevent future errors. The fear group included fear of blame by patients, fear of blame by colleagues, fear of punishment, and fear of indemnity. Survey participants selected "agree" or "disagree" for each barrier. Before finalizing the questionnaire, we obtained opinions on the questionnaire from 3 experts with experience in hospital pharmacies and conducted a pretest. The reliability of the questionnaire was acceptable (Cronbach alpha, 0.79). The subscale Cronbach alpha was 0.71 for the reporting system, and 0.82 for fear.
Statistical analysis
We used descriptive statistics to analyze demographic factors and experiences of near-misses, and logistic regression analysis to 
Medicine determine the barriers to reporting medication errors. In the logistic regression, we dichotomized the dependent variable into a high reporting rate group and a low reporting rate group. Participants who reported all near-misses for all 3 stages (prescribing, dispensing, and administration) were defined as the high reporting rate group (n = 42), while participants who did not report all near-misses were defined as the low reporting rate group (n = 52). In the logistic regression, the low reporting rate group was considered to correspond to the event occurrence. We used age, gender, and the 15 underreporting reasons as independent variables to test the barriers. We used backward elimination with a stay level of 0.20. To test the model's goodness of fit, the Hosmer-Lemeshow test was performed. P values < .05 were considered statistically significant. Statistical analyses were performed in STATA version 12 (StataCorp LP, College Station, TX).
Ethical approval
Ethical approval for this study was obtained from the Institutional Review Board designated by the Ministry of Health and Welfare. The approval number was P01-201406-SB-04-01.
Results
Of the 742 pharmacists surveyed in 32 hospital pharmacies, 245 participated in the survey for a response rate of 33%. In particular, 77.1% of respondents were pharmacists working in tertiary hospitals. Approximately 47% of the respondents were in their 30s and had been pharmacists for 3 to 10 years (Table 1) . Of the pharmacists, 35.5% stated that near-misses were not medication errors. Approximately 51% of pharmacists thought that the role of pharmacists in medication errors was very important, but only 7.4% answered that pharmacists actively worked to prevent medication errors. Ninety-three percent of the pharmacists worked at hospitals that had an electronic system for reporting medication errors. Only 33.5% of respondents were provided with feedback about medication errors they reported. Forty-nine percent of respondents reported that they had incentive programs for reporting medication errors to the pharmacy department (Table 2) .
Most near-misses in dispensing and administration occurred no more than once per month, while near-misses in prescribing occurred 2 to 4 times per month. Five or more near-misses per month were experienced by 14.8%, 4.3%, and 43.9% of respondents for dispensing, administration, and prescribing errors, respectively. All near-misses were reported by 43.7%, 57.4%, and 37.1% of respondents for dispensing, administration, and prescribing errors, respectively. The reporting rate of prescribing errors was lower than that of dispensing and administration errors (Table 3) . Table 4 presents the extent to which respondents agreed with 15 reasons for underreporting medication errors. The reasons cited most often were an unclear reporting protocol (50.3%), not having time to report (heavy workload) (47.7%), and the absence Table 2 Pharmacists' perceptions of medication errors and the pharmacy system. of harm done to the patients (45.7%). Other commonly cited reasons were the pharmacists' belief that they did not need to report the error (43.1%), the absence of an obligation to report (39.6%), and a complicated, lengthy reporting procedure (30%). Logistic regression revealed 3 variables (Table 5) , including an unclear protocol for reporting medication errors, no harm being done to the patients, and age. The Hosmer-Lemeshow test showed that the logistic regression model had a good fit (P = .49). An unclear protocol for reporting medication errors and the belief that no harm was done to the patients were significant factors contributing to the underreporting of medication errors by pharmacists (P < .05).
Frequency (N) Percent (%)
Discussion
Pharmacists experienced near-misses in prescribing more often than in dispensing or administration, but the reporting rate was lower. Approximately 35% of the respondents stated that they reported fewer than 50% of near-misses in prescribing. Lefrak [22] argued that the nonreporting of near-misses deprives health professionals of a learning opportunity, and leads to future harm. Therefore, the reporting rate still needs to be improved.
The 4 top-ranked reasons we found for the failure to report medication errors were an unclear reporting protocol, not having time to report, the absence of harm done to the patients, and the belief that there was no need to report. Logistic regression revealed that an unclear reporting protocol and the effects on patients were key factors in whether medication errors were reported. A standardized, unambiguous protocol for reporting medication errors would simplify the process and increase reporting rates. This is consistent with other studies. In a pediatric hospital, the most common reason for underreporting medication errors was uncertainty about what constituted a medical error. [23] Jung et al [6] also showed the top-ranked barrier to reporting administration errors was absence of harm done to the patients, and the main factor to increase reporting rate was a systematic reporting protocol. Intensive care unit (ICU) nurses in Canada justified not reporting medication errors if no harm came to the patient, [24] and another study found that reporting rates increased with the severity of patient harm. [25] The commonly cited reasons, such as an unclear reporting protocol, the absence of harm done to patients, and not having time to report are similar to those that have been reported in other studies. A high burden of effort to report (specifically a lack of time to report), a lack of clarity about what to report, as well as uncertainty about who should report errors have all been cited as barriers. Moreover, the severity of the error influenced whether it was reported. [26] Interestingly, we found a gap between pharmacists' perceptions of medication errors and their activities to prevent them. Pharmacists thought that medication errors were a critical issue and that they should play a role in preventing medication errors. However, they reported a lack of active participation in this process. The most frequently stated barrier to reporting among doctors and nurses was found to be a lack of feedback. Doctors also argued that some incidents were too trivial, while half of the nurses surveyed stated that there was no point in reporting nearmisses. [27] In the present study of hospital pharmacists, only 33.5% of pharmacists reported receiving feedback about errors they had reported, despite the fact that most participating hospitals had an electronic reporting system for tracking medication errors. This reveals a disinclination among hospitals to take steps to reduce medication errors. A qualitative study in a UK ICU found that all interviewees felt that more feedback on medication errors would be helpful. [28] This sentiment was shared by Lefrak [22] and by the physicians and nurses surveyed by Taylor et al. [23] The goal of feedback is not to point out who was at fault, but to provide a chance to share experiences to prevent medication errors from reoccurring.
In this study, 14.5% of pharmacists cited a fear of being blamed by patients as a reason not to report medication errors, 13.4% blamed the culture in the hospital, and 6.5% feared adverse consequences related to the potential indemnity. Multiple studies have shown fear and a culture of blame to be important barriers to reporting medication errors. Fear of blame was the second-ranked barrier among nurses. [6] In a study of the attitudes of physicians toward adverse incident reporting, a culture of blame was found to be a major factor in reluctance to report adverse incidents. [29] In 2 separate studies of nurses' perception of medication errors, fear and a fear of blame were reported as major barriers for reporting medication administration errors. [30, 31] In support of this, a culture of safety was stated as important for increasing reporting rates. [32] In our study, fear of blame ranked much lower than procedural considerations in barriers to reporting medication errors. These findings could Table 5 Logistic regression model of factors contributing to the underreporting of medication errors, including near-misses.
Variables
Odds ratio SE P > z 95% CI assist hospitals in refining their policies and procedures regarding the handling of medication errors. The strength of this study is that it is the first trial for all members of the KHSP, and showed perceptions of hospital pharmacists for medication errors in South Korea. Unclear reporting protocols and the absence of harm done to patients were perceived as the major factors to underreport medication errors for hospital pharmacists. Hospitals should clarify which incidents staff should report, and work to ensure compliance with these policies. Through systematic approaches, we can improve the reporting process and follow-up actions taken to ensure patient safety.
Limitations
A few limitations of this study should be noted. The response rate varied by hospitals. The majority of the participants in this survey were pharmacists working in tertiary hospitals. Therefore, this study could be interpreted as presenting the perception of pharmacists working in large hospitals. It is difficult to generalize for all hospitals. In addition, pharmacists could only report medication errors if they were aware of them. Another limitation was recall bias, since we asked participants to estimate the frequency of medication errors over a period of 3 months. Recall bias could attenuate the frequency of medication errors since 36% of respondents thought near-misses were not included as medication errors based on the survey results. Pharmacists could also be reluctant to remember medication errors because they could be blamed for the errors. Therefore, they might have a tendency to ignore near-misses. However, since we reported the frequencies of medication errors as a wide interval range, its impact might not be large enough to affect the results.
Conclusion
In each step of the medication use process (dispensing, administration, and prescribing), near-misses occurred and were reported to various extents. This shows that efforts to increase the reporting rate are still needed. Pharmacists are likely to need systemic support, such as a clear protocol, adequate time for reporting, and education to improve their understanding of nearmisses. Reporting near-misses is a way to learn to prevent medication errors. Therefore, hospitals should clarify to their staff what should be reported, and prepare a standard reporting process to increase reporting rates. Doing so would facilitate the development of safety culture in hospitals.
